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content formed on the strained layer (130); and a gate stack
(160) formed on the strained layer (140) with high Ge con-
tent.
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METHOD FOR FORMING STRAINED LAYER
WITH HIGH GE CONTENT ON SUBSTRATE
AND SEMICONDUCTOR STRUCTURE

FIELD

[0001] The present disclosure relates to semiconductor
manufacture and design, and more particularly to a method
for forming a strained layer with high Ge content on a sub-
strate and a semiconductor structure.

BACKGROUND

[0002] Recently, in an integrated circuit, silicon on insula-
tor (SOI) substrate has been used instead of a silicon substrate
to decrease a parasitic capacitance between a drain and a
substrate in a transistor, thus enhancing a performance of a
semiconductor integrated circuit.

[0003] However, with a continuous scaling down of a semi-
conductor device size, a size of a single transistor has gradu-
ally reached a physical limit thereof, and therefore a CMOS
device with silicon as a channel material has a lowered mobil-
ity, which may not meet a performance improvement of the
semiconductor device. In order to solve this problem, con-
ventionally, strained silicon techniques are adopted to
improve the mobility of silicon, or other materials with higher
mobility are used to replace the silicon as the channel material
for the device, among which Ge has obtained more attention
because of its high hole carrier mobility. The hole carrier
mobility of Ge or SiGe with high Ge content is much higher
than that of the silicon, and consequently may be used for
fabricating a PMOS device by using a CMOS process.
[0004] Therefore, conventionally, an insulation layer, for
example, a SiO, layer, has been used in a Ge device to
improve the performance of the semiconductor device. For
example, a Ge layer is formed directly on the insulation layer
as the channel layer.

[0005] Conventionally, an interface between the insulation
layer and the Ge layer has a poor interface state, which may
cause serious scattering and leakage and consequently may
influence the performance of the device.

SUMMARY

[0006] The present disclosure is aimed to solve at least one
of the above mentioned technical problems, particularly the
problem of an interface state at an interface between an insu-
lation layer and a high Ge content layer.

[0007] According to an aspect of the present disclosure, a
semiconductor structure is provided. The semiconductor
structure may comprise a substrate; an insulation layer
formed on the substrate; a strained layer formed on the insu-
lation layer; a strained layer with high Ge content formed on
the strained layer; and a gate stack formed on the strained
layer with high Ge content.

[0008] In one embodiment, a strained silicon layer or a
strained SiGe layer with low Ge content may be formed on the
strained layer with high Ge content to form a Si—Ge—Si
structure, thus not only alleviating the problem of BTBT
(Band To Band Tunneling) leakage, but also alleviating the
problem of an interface state at an interface between a gate
dielectric layer and a channel layer.

[0009] According to another aspect of the present disclo-
sure, a method for forming a semiconductor structure is pro-
vided. The method may comprise providing a first wafer
comprising a first substrate and a relaxed SiGe layer formed
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on the first substrate; forming a strained layer on the relaxed
SiGe layer; implanting H (hydrogen) ions to form an H ion
implanting layer below the strained layer; flipping the first
wafer and the strained layer and bonding the strained layer to
a second wafer, wherein the second wafer comprises a second
substrate and an insulation layer formed on the second sub-
strate; stripping the first wafer by annealing; and forming the
strained layer with high Ge content on the strained layer.
[0010] In one embodiment, the strained layer may be
repeatedly formed on the relaxed SiGe layer, thus greatly
reducing the fabrication cost.

[0011] According to an embodiment of the present disclo-
sure, the strained layer is formed between the insulation layer
and the strained layer with high Ge content, thus effectively
alleviating the problem of an interface state at an interface
between the insulation layer and the strained layer with high
Ge content.

[0012] Additional aspects and advantages of the embodi-
ments of the present disclosure will be given in part in the
following descriptions, become apparent in part from the
following descriptions, or be learned from the practice of the
embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] These and other aspects and advantages of the dis-
closure will become apparent and more readily appreciated
from the following descriptions taken in conjunction with the
drawings in which:

[0014] FIG. 1 is a cross-sectional view of a semiconductor
structure with a strained layer of high Ge content formed on a
substrate according to a first embodiment of the present dis-
closure;

[0015] FIG. 2 is a cross-sectional view of a semiconductor
structure with a strained layer of high Ge content formed on a
substrate according to a second embodiment of the present
disclosure; and

[0016] FIGS. 3-9 are flow charts of a method for forming a
strained layer of high Ge content on a substrate according to
an embodiment of the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE DISCLOSURE

[0017] Embodiments of the present disclosure will be
described in detail in the following descriptions, examples of
which are shown in the accompanying drawings, in which the
same or similar elements and elements having same or similar
functions are denoted by like reference numerals throughout
the descriptions. The embodiments described herein with
reference to the accompanying drawings are explanatory and
illustrative, which are used to generally understand the
present disclosure. The embodiments shall not be construed
to limit the present disclosure.

[0018] Various embodiments and examples are provided in
the following description to implement different structures of
the present disclosure. In order to simplify the present disclo-
sure, certain elements and settings will be described. How-
ever, these elements and settings are only examples and are
not intended to limit the present disclosure. In addition, ref-
erence numerals may be repeated in different examples in the
disclosure. This repeating is for the purpose of simplification
and clarity and does not refer to relations between different
embodiments and/or settings. Furthermore, examples of dif-
ferent processes and materials are provided in the present
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disclosure. However, it would be appreciated by those skilled
in the art that other processes and/or materials may be also
applied. Moreover, a structure in which a first feature is “on”
a second feature may include an embodiment in which the
first feature directly contacts the second feature and may
include an embodiment in which an additional feature is
prepared between the first feature and the second feature so
that the first feature does not directly contact the second
feature.

[0019] FIG. 1 is a cross-sectional view of a semiconductor
structure with a strained layer of high Ge content formed on a
substrate according to a first embodiment of the present dis-
closure. The semiconductor structure may comprise a sub-
strate 110, such as a silicon layer; an insulation layer 120,
such as a SiO, layer, formed on the substrate 110; a strained
layer 130 formed on the insulation layer 120; a strained layer
140 with high Ge content formed on the strained layer 130;
and a gate stack 160 formed on the strained layer 140 with
high Ge content. In one embodiment, the strained layer 140
with high Ge content may comprise a Ge layer or a SiGe layer
with high Ge content, and the strained layer 130 may com-
prise a strained silicon layer or a strained SiGe layer with low
Ge content. Preferably, the strained layer 130 may have a
thickness within a range about from 3 nm to 50 nm.

[0020] Inone preferred embodiment, as shown in FIG. 2, a
strained silicon layer 150 or a strained SiGe layer 150 with
low Ge content may be formed on the strained layer 140 with
high Ge content to form a Si—Ge—Si structure, thus not only
alleviating the problem of BTBT leakage, but also alleviating
the problem of an interface state at an interface between a gate
dielectric layer and a channel layer.

[0021] In order to better understand the semiconductor
structure according to an embodiment of the present disclo-
sure, a method for forming the semiconductor structure
described above is also provided. It should be noted that the
semiconductor structure may be fabricated through various
technologies, such as different types of product lines or dif-
ferent processes. However, if the semiconductor structures
fabricated through various technologies have substantially
the same structure and technical effects as those ofthe present
disclosure, they should be within the scope of the present
disclosure. In order to better understand the present disclo-
sure, the method for forming the semiconductor structure of
the present disclosure described above will be described in
detail below. Moreover, it should be noted that the following
steps are described only for exemplary and/or illustration
purpose rather than for limitations. Other technologies may
be adopted by those skilled in the art to form the semicon-
ductor structure of the present disclosure described above.
[0022] FIGS. 3-9 are flow charts of a method for forming a
strained layer with high Ge content on a substrate according
to an embodiment of the present disclosure. The method may
comprise the following steps.

[0023] Step S101, a first water 200 and a second wafer 300
are provided respectively. The first wafer 200 may comprise a
first substrate 210 and a relaxed SiGe layer 220 formed on the
first substrate 210, as shown in FIG. 3. For example, the first
substrate 210 may be a silicon substrate. The second wafer
300 may comprise a second substrate 310 and an insulation
layer 320 such as a SiO, layer, formed on the second substrate
310, as shown in FIG. 3.

[0024] Step S102, a strained layer 230 is formed on the
relaxed SiGe layer 220. Preferably, the strained layer 230 may
have a thickness within a range about from 3 nm to 50 nm, as
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shown in FIG. 4. In one embodiment, the strained layer 230
may comprise a strained silicon layer or a strained SiGe layer
with low Ge content.

[0025] Step S103, high-concentration H ions are implanted
to form a high-concentration H-ion implanting layer below
the strained layer 230, as shown in FIG. 5. In other embodi-
ments, an H-ion-containing substance, such as a mixture of H
ions and He or H ions and Ar, may be implanted. Certainly,
those skilled in the art may select other H-ion-containing
substances to implant, which may also be within the scope of
the present disclosure.

[0026] Step S104, the first wafer 200 and the strained layer
230 are flipped and the strained layer 230 is bonded to a
second wafer 300, as shown in FIG. 6.

[0027] Step 5105, annealing is performed and the first
wafer 200 is stripped, as shown in FIG. 7. For example, the
first wafer 200, the strained layer 230 and the second wafer
300 are heated to about 400-600° C. to break Si bonds at the
H-ion implanting layer, thus cutting the relaxed SiGe layer
220 from the strained layer 230 at the H-ion implanting layer
and consequently stripping the first wafer 200. Alternatively,
with a microwave-assisted heating technology, the first wafer
200, the strained layer 230 and the second wafer 300 are
heated to above 200° C., and the first wafer 200 is subjected to
a microwave radiation to break the Si bonds at the H-ion
implanting layer at a lower temperature, thus cutting the
relaxed SiGe layer 220 from the strained layer 230 at the
H-ion implanting layer and consequently stripping the first
wafer 200. In one embodiment, the H-ion implanting layer
may be just formed between the relaxed SiGe layer 220 and
the strained layer 230 by precisely controlling the H-ion
implanting. Certainly, the H-ion implanting layer may also be
formed in the strained layer 230 or in the relaxed SiGe layer
220. When the H-ion implanting layer is formed in the relaxed
SiGe layer 220, after the relaxed SiGe layer 220 is cut at the
H-ion implanting layer, SiGe materials remained on the
strained layer 230 may be removed by a chemical mechanical
polishing process, for example. Certainly, other suitable pro-
cesses may be adopted to remove the SiGe materials
remained on the strained layer 230.

[0028] Step S106, the strained layer 240 with high Ge con-
tent is formed on the strained layer 230, as shown in FIG. 8. In
one embodiment, the strained layer 240 with high Ge content
may comprise a Ge layer or a SiGe layer with high Ge content.
[0029] Step S107, preferably, a strained silicon layer 250 or
a strained SiGe layer 250 with low Ge content may be formed
on the strained layer 240 with high Ge content, and a gate
stack 260 may be formed on the strained silicon layer 250 or
the strained SiGe layer 250 with low Ge content, as shown in
FIG. 9. In one embodiment, the strained silicon layer 250 or
the strained SiGe layer 250 with low Ge content may be
formed by chemical vapor deposition.

[0030] In the above embodiments, the strained layer 230
may be repeatedly formed on the relaxed SiGe layer 220, and
the relaxed SiGe layer 220 may be reused and then stripped,
thus greatly reducing the fabrication cost.

[0031] According to an embodiment of the present disclo-
sure, the strained layer is formed between the insulation layer
and the strained layer with high Ge content, thus effectively
alleviating the problem of an interface state at an interface
between the insulation layer and the strained layer with high
Ge content.

[0032] Although explanatory embodiments have been
shown and described, it would be appreciated by those skilled
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in the art that changes, alternatives, and modifications all
falling into the scope of the claims and their equivalents may
be made in the embodiments without departing from spirit
and principles of the disclosure.

What is claimed is:

1. A method for forming a semiconductor structure, com-
prising steps of

providing a first wafer comprising a first substrate and a

relaxed SiGe layer formed on the first substrate;
forming a strained layer on the relaxed SiGe layer;
implanting H ions to form an H-ion implanting layer below
the strained layer;
flipping the first wafer and the strained layer and bonding
the strained layer to a second wafer, wherein the second
wafer comprises a second substrate and an insulation
layer formed on the second substrate;

stripping the first wafer by annealing ; and

forming a strained layer with high Ge content on the

strained layer.

2. The method according to claim 1, wherein the strained
layer with high Ge content comprises a Ge layer or a SiGe
layer with high Ge content.

3. The method according to claim 1 or 2, wherein the
strained layer comprises a strained silicon layer or a strained
SiGe layer with low Ge content.

4. The method according to claim 3, wherein the strained
layer has a thickness within a range from 3 nm to 50 nm.

5. The method according to claim 3, further comprising a
step of:
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forming the strained silicon layer or the strained SiGe layer
with low Ge content on the strained layer with high Ge
content.

6. The method according to claim 3, after stripping the first
wafer, further comprising a step of:

forming a strained layer on the relaxed SiGe layer again to

repeatedly form the strained layer and to reuse the
relaxed SiGe layer.

7. A semiconductor structure, comprising:

a substrate;

an insulation layer formed on the substrate;

a strained layer formed on the insulation layer;

a strained layer with high Ge content formed on the

strained layer; and

a gate stack formed on the strained layer with high Ge

content.

8. The semiconductor structure according to claim 7,
wherein the strained layer with high Ge content comprises a
Ge layer or a SiGe layer with high Ge content.

9. The semiconductor structure according to claim 7 or 8,
wherein the strained layer comprises a strained silicon layer
or a strained SiGe layer with low Ge content.

10. The semiconductor structure according to claim 9,
wherein the strained layer has a thickness within a range from
3 nm to 50 nm.

11. The semiconductor structure according to claim 9,
further comprising a strained silicon layer or a strained SiGe
layer with low Ge content formed between the strained layer
with high Ge content and the gate stack.
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